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2) B A=A ARAE EE 24 BeEhle AETlEe AEsHIT.
3) HEN AU 2R A L9 AR E A (201D 9] AFETHY 9 AT} A 71eE o] Q)



rr

ek, Fel A AN mgat Fe) wEAol AZte] whet Wt
2L AgG T B A7 27] WAoH FE] Golsta 1
of Tt Al o] 2] 5 IN(LogNormal) 18 & AHE-5Te] 2058 AHES A oL 3
F BBV B 484 AU YT 2AZ AN 1% AER B A

2 Sastelct

-
)
Q.
<
[\
o
(@}
l:l?
uo)
~N
)
1o
N
)
ko
ot
2
rir
Z,
ko
ol
o
>
o
o
I
o
o
o
=)
>
o
o,

171/¢3Hd (autocorrelation)S WERH 4% Qlt}al shGiTt,
2 Aol A= Hardy(2003)7F AAIRE SHEH /AL P Ry B[ ES =
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S&PS00 1956~1999W (44W) 0] LW 2ol 5o A5kl Zujo] tEA ¢l 2714
4= KOSPIo| ™ 19801 1€ o] A (2010 129 7HA] 31:E7He] o] 7} &2 F]
o] It} KOSPI200, KRX100 5-2] A== Q) L} KOSPIo| H]3|| A& o2 7]71o]
AA| gFoF A7IRtoll A3 F=71e] WSkE HofF=7]of of gz Utkal AzbE o
KOSPIZ 7|20 2 1980 1€ 5E 201012 2] Y glo]E] Z o] &-3F3Th
(29 1) 19804 195E 2010 129 7x] ] Y 2]4=E vyebd Ao|ch,
IMF 7 A 9]71(1997~1998), IT H]E- (1999~2000), A1- 87} AFef(2002), w] =+
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K7 | a2t A=
T 2 A - | A HSY
1702 Lag | 670E Lag | 127HE Lag
KOSPI
25 E 9.74% 27.90% 0.084 0.047 -0.013
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747 t =7 -3 (log normal distribution) & WL 7448k AL-g-5)= &
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Wk, Hg g o) AA Do) AR HHAE 7HA AL H2 A, MEAol o ' A A

AR AR dEet A2 ThHsAdol A He e 2] R EA

nejshe Bge AT BYHY SoEe = 4

INE oA 9] 4952 iid(independent and identically distributed)SFA] Tk
AR(AutoRegressive) H3-2 o] 20l g0| J&FS W= HPo|tt ARRY 5 7MY
7Fgh 9l AR(D) 2P S ARESl] =0 E RS AT

AR(1) o] 2o E Y= oot o] Aottt
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9] 22 [al <11 g0l Ju]7} glom, a=0 <l 32
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AR T3 A7 AFEAGpy) py = " o]tk Y BR 0<a<1o|W, k7} 5
7¥gho) whel |42 O & (exponentially) ol 717 A 3L, WH o < 0o]H %
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Ct. ARCH &2

d 2) ol A TllolE o] ’FAJo] YASHA] e ElskaTh Alte] whet ¥
TAL Il = EEHEA 1E $9f ARCH(AR Conditionally Heteroscedastic) &
o] We| AHEETh ARGH @S ofefst o] WE o] A4 7I7te] ol gl

o) wahec

el go] ol HolAw, WiEAo] Z715ta 7k wEAel o3 ke
A9 Sl 8 Fpol A wold BHEol folalnt, oT B4l os) WY =
ANE Gehh g o= g

2t RSLN2 &2

RSLN(Regime Switching Log Normal) 2 &2 $=7}9] <+t (Regime) 8 &2 INEH-S
2831 21 07 A o]&-E(transition probability) o]l 2J3f =Ho] AT, FHEZ
thE Be(parameters) 7} ARG L.

2R 10 KA AE7RsEIY, 249 Aoqto RE

WoRsseka ore A glol, Fwlo] 29l Aee) nye =
3-8 RSIN2 K o|a}barl g},

T@o] golRt IN BPg AMSHHA . R e] M| RES FAA & 5 Qe
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S
K'p(t) -~ N(/l’)(t)70"2)(t)), p(t) = 1727 Y; =In Ak ’

S,
p(t) : [t,t+1) AIZF Ferel =

5=

RSIN2 B ofli= 67] ) M7} ARE-=|H, ofFef et o] 3t
py = 19] b
pp =57 29] 5t
oy 1= 19 g
0y 1 =7 29] HE4
o = 1o A =R 22 g
Py = 2004 = 12 AehE = HolekE

A A BHEgre] p,©) Sl SidE 1
oA Sl 2% ASHE| DL, py, o] BB HGEE i 2014 T 12 AL o]
220 o] ATt

3. B4 3%

7} 2ol BHag AAshs WS thdsHANE £ dAtolM= 29
(Maximum Likelihood Estimation)-Z ©]-83tc},
2 -FAHL T sh=(likelihood function)E &t $Hmaximizing)sH= E4=
= Wolth Fdigtehs g Fok7] A kol 25 AREEE

2O L3S o] &3l RIS EeE Ll A} sl B4R 7H7 Hu|Es)
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SAS) A A WS o]-gate] mAS Falofof Atk INRFE Ko 78
4 919, AR(1), ARCH, RSIN2E= 52|34 & ¢l b 0 2 mS 3tch, ZpA|g
A WP Hardy(2003) 2 2Fa15}7] vlch,

stk

]
A

.1 A AFSEKOSPI H|o|E & o] &dlo] By H=Z o=

INE || 8l 2A4E ZHe 1= 0.81%, o= 8.04% (L7} =, dAgkats
258 Z¥7} 9.74%, 27.86%°] T},

AR(1) B0 Ao =AWy} 0= (4, 0, a)= (0.81%, 8.01%, 0.084) 0] 1L
AgHAFSE ) WA 22 9.78%, 27.76% o] ET,

ARCHE L 0= (11, ay, ay, ;) = (1.01%, 0.0055, 0.1606,6% ) o], AAFFA}F
2 12,1002 4, T2 o] u]3|| Hto] 2007+ A g = 9l

RSLN2H & 0] 2= (F 2) 9} 7ho] Z2Ag|¢lon 4olEu} MEA o] T35 of
o] 2= AgHARE ZhS Lhehiie)
(B 2) RSLN2Z 30| Fx m4
lu’l ,UQ 0'1 0'2 p1,2 p2’1
(12.24%) (4.56%) (19.40%) (40.11%) .0215 .
(£ 2) oA Bd, 3 A ZHGAR o] = g ZH (kAP Rt =2 2=0]

(

E W2 HsAAS Uetl L glow, HolghE py  7F p, BT B 2 2 7HA
b8 2 19 & THE-L 0.70(=0.0490/(0.0215+0.0490)), =+ 20 & TFEFLS

0.3(=1:0.7)2A A 7|7k2] = EollA =1 19] 2o} & Zx7} e 2-E0] 70%



HE2%T K23 K15

= oAk T3 29 10] 92 SEG00] ol FH 10] o3t F44el
Bol WA F0 = wteeh

=
= 2 H| AA(Likelihood Ratio Test), Akaike Information Criterion(Akaike,1974)

o

Schwartz-Bayes Criterion(Schwartz,1978)&- ©]-&-3}t},
28] HAURDS Tt B (40 747t A2 29) ) 14k By (B
of A7} e wa) o] SEaghe vlLake Aol

Tt 2 (Model 1) 9] S-E3bE 1 o2t 8FaL, H33E B E (Model 2)9] %=
T8 Lo op 29 BATE 20, —1,)0] Bk
A7 “Hy - Model 1 A8]" o|w, 7|5¢-7Hd 0] 7|2} = Model 27} A8} =] 7|
Hok, AE7HE StellA AATAZS Tl AT ()2l ARt A <)
on], A4S 5L 5 wRe|q wao] 2jol7h ek, LRTOA] RSIN2 HEo] Model 2
7} =3 o2 (LN, AR1, ARCH)-S Model 102 3}of H| 15}t

AICOIA AAFATFS (1, — k) o & o] gHe &2 sk mES Ausit) | =



JHA B3] 29 Egtoln, ki mA0] A4eolc

1
SBCS) AAEAFE (,— Sk lnmol] o] SAZL Hej2 2t wYS A

e}, 1 A mRe] R 10w gagkol ], ki mae] Ajmolr), ne Hlolg]
o) 42 A 3727)9] 4=0) Fo] AMLE k.
ARVE ATF= (G 3o 4 A AISEL Sk,

(# 3) 2L Hlw

Model (=P zaes AIC SlBC LRT
j k; L L —k; l— Ekjlnn p—value
LN 2 409.74 407.74 403.82 3.17x 10712
AR(1) 3 411,07 408.07 402,19 2.38 <107 12
ARCH 4 410,73 406.73 398.89 2.75% 1071
RSLN2 6 439.65 433.65 421,89 .

(F3)ol|A B, 2105 820] Zke INE o] 7} Y1, ARCH &, AR(1)
9] s2xfo ™ RSIN2WLF O] 7P 32 ghe HofETh

w4=0] 47t e E AICe}F BSCO] A3}t ZHS H| Al E W, AICE ARCH H3 0]
ZHAF L1, RSIN2 W3 9] Zho] 7FAF =t} sBCe] AT} ARCH W3 o] 7FAF ki,
RSIN2 ®.& Q] Z}o| 714 =& AuE HojZt}

LRT®] 7 p-valueZ} vlj-¢- 2}2 gh5o] AFEE o] F1F7Hdo] 7|24, wet
A, Model 291 RSLN2XL & o] A&} ] A] H},

A 71 EAR] g AR Ak RN o] £419) THA S0l AT

3}7)0 714 A sk dhekEc
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19,101, 204, 3080 Aol A 2 w2 =08 B2 S ghelstirh
(1" 4, 5,6, Y olA] & AAS INEY, 7he A4S AR EF o, &
& ARCHELH, 2h2 412 RSLN2EL G UebdTh Z42ke] 1

& 2325 vehd Zloln, ofFf 2382 1000719 =elE& 27]
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18] 9L A X ol E BESL FASA LA, 104, 209, 30

E ok, ARCHIZ 2 ) 29150k B
Grolgo] 7170 AEglo] 7P e ghE ERIT) e RS F 2. 5%0lA
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a3 4) ZYYE F80lE X H|w (19)
1
1.5 — ANP(‘])
1.0 4
0.5
0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0
13 (512 10%)
1.0
0.8
1] 0.6
ol
<+ 04 -
02
0.0
T T T T T T
0 20 40 60 80 100
(B 5 2&HE 13 =X 28 Hjw
T+ &2 LN AR(1) ARCH RSLN
2.5% 0.62 0.59 0.63 0.59
5% 0.67 0.65 0.69 0.68
10% 0.74 0.72 0.76 0.76
50% 1.07 1.07 1.09 1.09
90% 1.49 1.53 1.52 1.45
95% 1.62 1.68 1.66 1.57
97.5% 1.79 1.86 1.83 1.70
it 1.10 1.11 1.13 1,10
= H A} 0.30 0.32 0.30 0.28




10
0.35 RN
0.30 -| —= At
0.25 |
~ 0.20
= 0.15
0.10
0.05
0.00 . . . . . .
0 2 4 6 8 10
10(312 10%)
1.0
0.8
il 0.6
3[ 0.4 —
0.2
0.0 "L | . | | '
0 20 40 60 80 100
(7 6) 2¥E 10 £X 428 H|uw
<=2 LN AR(1) ARCH RSLN
2.5% 0.34 0.30 0.40 0.24
5% 0.43 0.38 0.52 0.38
10% 0.59 0.53 0.74 0.60
50% 1.75 1.75 2.21 1.94
90% 5.74 6.38 7.09 5.45
95% 7.77 8.76 9.91 7.50
97.5% 9.68 11.21 11.93 9.60
o+ 2.66 2,87 3.37 2.74
EZHA} 2.94 3.57 3.81 3.43




HET8XT K23 HiS

(A3 6) 2 LEroE

20

I H|W (20)

AT

0 20 40 60 80 100
(B 7) Z¥E 203 £5 £2lE Hluw

-+ 2 LN AR(1) ARCH RSLN
2.5% 0.29 0.24 0.41 0.22
5% 0.39 0.32 0.64 0.37
10% 0.62 0.54 0.99 0.59
50% 3.32 3.36 5.15 3.65
90% 16.85 19.37 26.37 16.50
95% 26.00 31.02 41,69 28.07
97.5% 37.55 46,70 60.53 30.95
o 7.08 8.22 11.38 7.51
FEHA) 12.76 16.92 21.03 13.85




R=LMZ2

30t (sh¢l 10%)

2.0
1.5
L]
ol 1.0 —
<k
0.5
O'O P T T T T T T
0 20 40 60 80 100
(H 8 Y 308 +& £2E H|uw
== LN AR(1) ARCH RSLN
2.5% 0.28 0.22 0.60 0.18
5% 0.47 0.38 0.99 0.40
10% 0.88 0.77 1.67 0.74
50% 6.04 6.20 11.94 6.57
90% 38.29 45,90 77.67 44,39
95% 61.71 76.92 123.49 74.80
97.5% 102.65 133.84 196.21 113.15
i 15.83 19.05 31.79 18.27
T EHA} 30.42 41.44 61.22 37.47




HET8XT K23 HiS

Ct. AP HIO|E #He

uhu 2 sHe X S Shels 2 Aloltt

B WazAo] AL Ho|EE o] gl AEH
e AL Flo gl A 19, 54,
o152 u|mato] go|E] e}

239 S0l Fo] Atz

2 s HHE Q| A C|O[E| e
1/31 = 3.23% (0.40, 0.65)
1 2/31 = 6.45% (0.56, 0.75)
3/31 = 9.68% (0.56, 0.82)
515 1/7 = 14.29% (0.52, 0.99)
104 1/4 = 25.00% 0.72, 1.16)

(3 9y &= B AE T4 7]17H1980~2010) 8] KOSPT o =0l &2 9|

7P B -2 HAE UERd ot feol 1

0 TR ES AT AR 19 3.23% (0.40, 0.65) = FAF §
8-

)E2 0,40 004 0.65Y AFo]of A= A

0] 3.23%2] B/} Ljm

e oo
o o
ok
&

s}
oy
12 ox
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—_

u

Lo

et =, E40] 0350014 0.60 Afolofl A AR AE Sedtet

A 717H1980~20109)-5-%F 3727112) d =2} Eo] EAfsH, HAA = 149

R 5E 307, 59 R H5E 6, 104 A4
QP 08 AFEA| A2 ThE 2 12707} 245

& 37W7F SAR . AAIA]
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Abstract

In this study, we analyze stock return scenarios for evaluating
required capital for guaranteed minimum benefits embedded in variable
insurance. We check volatility clustering in the Korean stock market.
This paper proposes LN, AR(1), ARCH and RSLN2 models. We explain
model estimation and estimate parameters by using KOSPI data. After
generating 1,000 stock return scenarios, we analyze tables and pictures
of distributions for each models. The analysis shows statistics of models
by years. We compare distribution return data with historical return
data. Most models are suitable for historical data except ARCH model.
The GMDB cashflows of Variable Universal Whole Life indicate that
statistics of RSLN2 models is larger than that of LN model. This study
shows RSLN2 model has better results than others. But, we need the

analysis of other stochastic volatility models.

* Key words: variable life, GMDB, regime switching log normal,
stochastic volatility
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